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$M$ $\{\zeta\}=(\zeta_{1},\zeta_{2:}\ldots, \zeta_{M})\in \mathrm{R}^{M}$
2
$j$ $N_{j}$ $i\in N_{j}$ $j\in N\dot{.}$
$m \ddot{\zeta}_{j}=.\cdot\sum_{\in N_{J}}f\dot{.}arrow j+f_{j}^{(\mathrm{e}\mathrm{x})}$
$(j=1_{:}2, \ldots, M)$ (1a)




$f_{iarrow j}=-f_{jarrow i}=-\hat{S}^{-1}\epsilon_{ij}$ . (1b)















$\bullet$ \mbox{\boldmath $\zeta$}j=f $z$ .
. $\cdot$
$\bullet$ c-‘ $=i$ $j$





\beta u [ . . $f_{iarrow j}$
(1c) (1b) :
$f_{iarrow j}=-\hat{S}^{-1}(\zeta_{ij}-\mathcal{B}_{ij})$ , $\zeta_{ij}=\zeta_{j}-\zeta:$ . (3)
(3) $x^{\mathfrak{h}}$ :. 1
$f=-K(x-x’.)$ . (4)
(3). $\text{ }$. $\text{ _{}4}(4)$
$\beta_{ij}$ (2)\acute IE \mbox{\boldmath $\tau$}‘. $|f_{iarrow j}|$ .ffi.
$\beta_{ij}$ $x’$’
$\{\beta\}$ \ddagger .$\cdot$ . 2 $\mathrm{f}\mathrm{f}\mathrm{l}_{1}$ $.\text{ }$
: $|\theta$






2 $\{\beta\}$ ( )












$m\ddot{\zeta}_{i}=f_{i-1arrow i}+f_{i+1arrow i}+f_{i}^{(\mathrm{e}\mathrm{x})}$ (7)
$f_{0arrow 1}=f_{m+1arrow\pi}‘=\mathrm{t}1$
$\{\ddot{\zeta}\}=\{f^{(\mathrm{e}\mathrm{x})}\}=()$ $f_{0arrow 1}=\mathrm{t}1$
$f1arrow 2=f_{2arrow 3}=\cdots=f_{i-1arrow i}=\cdots=\mathrm{t}1$ (8)
$\{f\}$
3 $2\cdot 2$ 1
(7)
(8)
$f_{1arrow 2}=f_{2arrow 3}=\cdots=f_{i-1arrow i}=\cdots=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$ . $=F^{(0)}$






















$\{(_{i}\}$ LagTange Euler :
$\mathrm{a}=(X, \mathrm{Y}, Z)$ $\mapsto \mathrm{x}=(x, y. z)=$ ($X$. Y., $Z+\zeta$ ). ( ) $)$
$\zeta$ $(x, y)$ $t$ $z$ $\{\mathrm{a}\}$
$\{(x,y)\}$ $\{z\}$ ( )
:


























$\mathrm{h}=h\mathrm{e}_{z}=$ rot$\tau \mathrm{d}\mathrm{c}\mathrm{f}$ . (14)





$(t=0)$ $h\neq 0$ $h$
$h\neq 0$
( $\tau=0$)





\mbox{\boldmath $\zeta$} (16) $\tau$ (compatible)
$\epsilon=s\tau$
$\tau=0$
$\mathrm{h}\neq 0$ $J_{}^{\cdot}$ $\tau=0$
5.3 .
(13a) $\mathrm{r}\mathrm{o}\mathrm{t}(\cdot)$ :
th $=-S^{-1}$ rot $\Phi$ . (17)
$\int_{d}d^{2}\mathrm{r}$ Stokes











































$(\tau_{\ovalbox{\tt\small REJECT}}w)$ $(\beta, \zeta)$ $\mathrm{L}$ ( )
$\ovalbox{\tt\small REJECT}$
t\beta $=\Phi(\tau)_{:}$ $(22_{\acute{\epsilon}1})$










$\text{ }$ (22) $\phi=\phi(x,y)$ ( $t$ )
$\beta_{1}\sim\beta_{2}\mathrm{c}$ $\Leftrightarrow$ $\beta_{2}=\beta_{1}+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}\zeta_{12}$ for $\zeta_{12}$$\exists.\cdot$ (26)
(23) $S\tau\sim-\beta \mathrm{c}$ $\beta\sim 0\mathrm{c}$ (16)





$\Leftrightarrow$ rot $\beta_{1}=\mathrm{r}\mathrm{o}\mathrm{t}\beta_{2}$, (28)


















$\mathrm{a}=(X_{:}\mathrm{Y}, Z)\mapsto \mathrm{x}=\mathrm{a}+\tilde{\mathrm{u}}$ (29)
$\overline{u}$ \iota 2 (
) $rightarrow,rightarrow e=e^{(\mathrm{c})}$, $\tilde{u}$ :










\mu \mbox{\boldmath $\nu$}=-\epsilon \mu \kappa \lambda \epsilon \mbox{\boldmath $\nu$}\rho \sigma \kappa \rho e\acute \lambda \sigma ;(32)
$\text{ }$ (Eshelby ) $S\neq 0$ $e_{\mu\nu}$, $\tilde{u}$
$S$ ( )
$S$ $rightarrow e$ :
$e_{\mu\nu},=e_{\mu\nu}^{(\mathrm{c})}+ \int S_{\kappa\lambda}(\mathrm{r}’)\mathcal{G}_{\kappa\lambda\mu\nu}(\mathrm{r}’, \mathrm{r})d^{3}\mathrm{r}’$ , (33a)
$\mathcal{G}_{\kappa\lambda\mu\nu}(\mathrm{r}’, \mathrm{r})=\frac{\delta_{\kappa\mu}\delta_{\lambda\nu}-\delta_{\kappa\lambda}\delta_{\mu\nu}}{|\mathrm{r}-\mathrm{r}|},$ : (3‘3b)
$rightarrow e^{(\mathrm{c})}$
, (30) Green $\mathcal{G}_{\kappa\lambda\mu\nu}.(\mathrm{r}’., \mathrm{r})$
7.3
Eshelby
( ) 3 (29) ( ) (29)










$(3\mathrm{t}1)$ $\zeta$ (16) \mbox{\boldmath $\zeta$}
5 $\mathrm{h}=0$
$h$ :
$\epsilon=S\tau\sim-\beta=\mathrm{c}\int h(\mathrm{r}’)\mathcal{G}(\mathrm{r}_{\backslash ,\prime}’\mathrm{r})d^{2}\mathrm{r}’$ . (35)
Green $\mathcal{G}(\mathrm{r}’,\mathrm{r})$ (35) Eshelby
(33)
$\mathrm{h}$ $S$ (34) $S$
$rightarrow S=1\mathfrak{l}$
( $x^{\mathcal{T}}y-$ y\mbox{\boldmath $\tau$}x.) $=\partial_{y}$ ( x.\mbox{\boldmath $\tau$}y-\partial y\mbox{\boldmath $\tau$}x.) $=\mathrm{t}\mathrm{I}$ . (36)
$\mathrm{h}$ (36)
$\mathrm{h}$ .







$\tilde{\mathrm{u}}=(-hyz_{:}+hxz, \mathrm{t}\mathrm{I})$ . (38)
$z$
$1^{\cdot}\mathrm{a}\dot{\text{ }^{}\grave{\text{ }}}$ $|j$






$\text{ }$ rot $\beta(=-S\mathrm{h})$
rot $\beta$ $\beta$ 1 2 . $\beta$
rot $\beta$ $\beta$ rot $\beta$










6 3 Euclid :













$\Gamma_{/1\nu}^{\kappa’}g_{\kappa\lambda}’.=\frac{1}{2}$ ( ,, $g_{\nu\lambda}^{\mathfrak{h}}+\partial_{lJ}\prime g_{l^{\iota\lambda}}^{\mathfrak{h}}-$ $\lambda g_{\mathfrak{l}^{r\nu}}^{\mathfrak{h}}$). (40)
(40) $\Gamma_{\mathfrak{l}^{1}}^{\kappa},\nu$ } Levi-Civita [7, \S 7]
Lagrallge
Riemann [8, p.80]
R.\kappa \lambda \mu \mbox{\boldmath $\nu$} \kappa $=$ ( $\nabla_{l^{\mathrm{A}}}\nabla,,-$ $\nu\nabla_{A},$ ) $\partial_{\lambda;}’$ (41)
$\nabla,$. \Gamma \kappa /A\mbox{\boldmath $\nu$}& ;
,$\ell$ $(V^{\kappa}\partial_{\kappa}‘.)=(’\partial_{\nu}V^{\kappa})’\partial$\kappa +\Gamma \kappa /1\mbox{\boldmath $\nu$}V\mbox{\boldmath $\nu$} \kappa for $\forall_{V^{\kappa}\partial_{\kappa}}‘$ .
3 $R_{\lambda\mu\nu}^{\kappa}$. 6 2
$g_{l^{4lJ}}^{\mathfrak{h}}=\delta_{\mathfrak{l}^{4lJ}}+2erightarrow$ Eshelby (32)
$\beta$ $g_{l^{lJ}}^{\mathfrak{h}}$, Lagrangian 2
$\mathrm{a}=(X, \mathrm{Y}, Z)$ , $\mathrm{a}+\Delta \mathrm{a}=(X+\Delta X, \mathrm{Y}+\Delta \mathrm{Y}. Z+\Delta Z)$
(Euler )
$\Delta \mathrm{x}=(\Delta x, \Delta y, \Delta z)=(\Delta X, \Delta \mathrm{Y}, \Delta Z+\Delta\zeta)$
( $\rfloor$ ) $\zeta=\zeta^{\mathfrak{h}}$
$\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}\zeta’$
. $=\beta+O(\ell)$ ( $\ell=$ )
$\Delta z^{\mathfrak{h}}=\Delta Z+\Delta\zeta’’=\Delta Z+\beta\cdot\Delta \mathrm{r}$ ( $\Delta \mathrm{r}=(\Delta X,\cdot\Delta y)$) (42)
$|\beta|$




$\{\begin{array}{l}\Delta X\Delta \mathrm{Y}\Delta Z\end{array}\}$ $(4‘ \mathrm{d})$
49
(43) Levi-Civita $3\text{ }\Gamma_{\mathrm{J}\lambda}^{\kappa}$. :
$\Gamma_{31}^{2}=-\Gamma_{S2}^{1}’=\frac{1}{2}$ rot $\beta\propto h$ . (44)






$\beta$ (23) $\zeta$ $\tau$
$K$ (23)
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